Original Article
angiogenesis, migration, and invasion in tumor cells. EGFR has been reported to be expressed in a variety of human tumors of epithelial origin. Increased expression of EGFR is found in OSCC and potentially malignant lesions. [3] It is hypothesized that only those potentially malignant lesions express high levels of EGFR progress to frank malignancies during tumorigenesis; hence, by evaluating the expression of EGFR in potentially malignant lesions and correlating the levels of EGFR in OSCC and normal epithelium, it would be possible to assess the potentiality of the potentially malignant lesions to become malignant, and hence, assess the role of EGFR as an early diagnostic marker.
subjects and Methods
The study sample consisted of a total of 40 cases comprising 10 OSCC cases, 10 cases of PMDs with mild dysplasia, 10 cases of PMDs with severe dysplasia, and 10 cases of normal oral epithelium from the retromolar area. Immunohistochemical (IHC) staining was performed with anti-EGFR by avidin-biotin method [ Figure 1 ].
Immunohistochemical staining procedure
Immunostaining was carried out on 4 μm formalin-fixed, paraffin-embedded sections. Slides were baked in a hot air oven at 65°C overnight. Sections were sequentially dewaxed through a series of xylene, graded alcohol, and water immersion steps. Antigen (Ag) retrieving was done using microwave by the slides immersed in 500 mL of citrate buffer solution (pH 6.0) for two cycles of 5 min and 15 min. Following the Ag retrieval, the endogenous peroxidase activity was blocked. The slides were incubated with the power block, followed by the application of primary antibody, and were incubated for 60 min in a humid chamber. After washing with Phosphate buffered saline (PBS), the secondary antibody was applied for 30 min and this reaction was visualized by the application of Diaminobenzidine (DAB) chromogen. Sections were counterstained with Mayer's hematoxylin for 30 s, dehydrated, and mounted.
Assessment of immunohistochemical results
In each tissue section, five representative fields were selected for the evaluation of the extent and intensity of EGFR expression in according to the modified Putti method. The evaluation of EGFR staining for both extent and intensity was done in the basal layer, suprabasal layer, deep spinous layer, and superficial spinous layer [ .
Extent of epidermal growth factor receptor
The extent of staining was graded and scored as 0 point -negative staining, 1 point -<10% cells, 2 points -10%-50% cells, and 3 points ->50% cells.
Intensity of epidermal growth factor receptor
The intensity of staining was graded and scored as 1 point -weak staining, 2 points -moderate staining, and 3 points -strong staining. 
Total score
The overall score for each specimen was obtained by adding the extent of immunoreactivity score to the intensity score.
Overall score of more than 1 or equal to 1 represents low expression of EGFR.
Overall score of more than 4 or equal to 4 represents high expression of EGFR.
The total score is calculated and analyzed using one-way anova and multiple comparison tests.
Results
Of 40 cases analyzed, 38 cases showed EGFR expression with varied extent and intensity of staining in the cytoplasm and cell membrane of keratinocytes in basal, parabasal, deep spinous, and superficial spinous layer. The results showed a statistically significant increase (P < 0.0001) in the staining extent and intensity of EGFR expression in severe dysplasia and OSCC.
Expression of epidermal growth factor receptor in the basal layer
The mean difference between the intensities of EGFR staining in the basal layer in Group I and Group IV was highly significant, Group II and Group IV was statistically significant, while in Group III and Group IV was not statistically significant (P < 0.0001, P = 0.002, P = 0.211, respectively).
Expression of epidermal growth factor receptor in the parabasal layer
Multiple comparisons of EGFR extent between Group I and Group III and Group I and Group IV were statistically highly significant (P < 0.0001), Group II and Group IV were statistically significant (P = 0.001), while between Group III and Group IV was insignificant.
Expression of epidermal growth factor receptor in the spinous layer
Multiple comparisons of EGFR extent and intensity between Group I and Group III and Group I and Group IV were statistically highly significant (P < 0.0001), Group II and Group IV were statistically significant (P = 0.025), while Group III and Group IV were insignificant.
Expression of epidermal growth factor receptor in the superficial spinous layer
A highly statistically significant difference was obtained in the total EGFR expression between Group I and Group III, Group I and Group IV, and Group II and Group IV (P < 0.0001), while a significant difference was obtained between Group III and Group IV (P = 0.005) [Tables 1-5 and Graphs 1-4].
dIscussIon
EGFR and its ligands are involved in the cell growth and proliferation of 70% cancer cells. EGFR overexpression or dysregulation may alter intracellular signaling pathways that affect tumor cell survival and apoptosis. It is hypothesized that only those potentially malignant lesions express high levels of EGFR progress to frank malignancies during tumorigenesis which suggests that increased receptors may be cause rather than the effect of malignancy. Hence, by finding the expression of EGFR in these potentially malignant lesions, it would be possible to assess the malignant transformation of these lesions; hence, the patient is available for early treatment.
The participants in our study were categorized into four groups as dysplasia free, PMD with mild-moderate dysplasia, PMD with severe dysplasia, and OSCC. IHC reaction for the detection of EGFR was performed using anti-EGFR monoclonal antibody by following avidin-biotin method. The EGFR extent, intensity, and expression were evaluated in the basal, parabasal, deep spinous, and superficial spinous layers of all the groups following the modified Putti method. Group I samples stained positive with EGFR mostly in the basal and parabasal layers. Few samples showed positive staining in the deep spinous layers. The intensity varied from weak to moderate, predominantly being of weak intensity.
Group II samples showed 90% positive immunoreaction to EGFR in the basal, parabasal, and deep spinous layers. The extent varied from <10% keratinocytes to 10%-20% keratinocytes. The intensity was predominantly moderate with Cell Membranous (CMB) staining pattern in the deep spinous layer.
Group III samples also showed 90% immunoreactions to EGFR in all the layers of the epithelium. The extent and intensity in the basal, parabasal, and deep spinous were at a range of moderate to high, whereas in the superficial spinous layer, minimal positive immunoreactions were seen in only two cases, showing high expression of EGFR.
Group IV samples showed all cases of OSCC-positive immunoreactions to EGFR in all the layers of the epithelium. The extent, intensity, and expression were high in the basal, parabasal, deep spinous, and superficial spinous layers.
When comparisons have been made, the extent and intensity and expression of EGFR significantly increased in the basal layer, parabasal layer, deep spinous layer, and superficial spinous layers from Group I to Group IV.
A highly statistically significant difference was obtained in the total EGFR expression: • In the basal layer, between Group I and Group IV • In the parabasal layer, between Group I and Group III and Group I and Group IV • In the deep spinous layer, between Group I and Group III and Group I and Group IV • In the superficial spinous layer, Group I and Group III, Group I and Group IV, and Group II and Group IV (P < 0.0001), while a significant difference between Group III and Group IV (P = 0.005).
These results were in correlation with the previous studies of Rajeswari (1994) . [4] [5] [6] [7] [8] For cell growth and division to occur, a large variety of metabolic processes are mediated through EGFR-activated kinases. During physiologic conditions requiring cell growth and proliferation such as wound healing, the EGFR is activated by the ligands, which further activates the MAP kinases which help in cell growth and differentiation. However, in pathologic conditions, there is an aberrant increase in a number of EGFRs, nonligand stimulation, subsequent internalization, and continuous nuclear transcription for proliferation, dedifferentiation, inhibition of apoptosis, invasiveness, and lack of adhesion dependence; all of which have a major role in tumor growth and progression. [3] These results suggest that changes in EGFR expression during tumorigenesis occurred in a very heterogeneous manner and in two stages. In the first stage, EGFR was upregulated in normal epithelium adjacent to the tumor and remained elevated through the hyperplastic and dysplastic premalignant lesions. The second stage was reflected by a large increase in EGFR expression between dysplasia and squamous cell carcinoma.
Overexpression of EGFR is considered to be a hallmark of SCC (Karnata et al., 1986; Ozanne et al., 1986; Ozawa et al., 1988; and Bergler et al., 1989) and may occur independently of c-erb-B-1 activation (Field, 1992; Saranath et al., 1992) . It is possible that tumors which express excessive amount of EGFR may have enhanced proliferation in response to autocrine or paracrine production of transforming growth factor (TGF)-α (Partridge et al., 1988; Todd et al., 1991) . The production of TGF-α may also have a positive feedback such as effect and may accelerate the degradation of EGFR soon after binding and internalization. Ligand binding and subsequent internalization reduces the half-life of the receptor and this may, in turn, affect the amount of the receptor protein being recycled or the amount of the available (Carpenter, 1984) . [9] The EGFR staining of cell membrane and cytoplasm is attributed to the structure of EGFR which has a transmembrane domain and a cytoplasmic domain. The above observation suggests that the high intensity thickened membranous positivity to EGFR might be due to increased number of EGFRs per unit area and formation of abnormal receptors, which may be due to gene mutation or gene rearrangements. The viral oncogene product v-erb protein which is homologous with the transmembrane and cytoplasmic domain of EGFR can also attribute to the high intensity thickened membranous postivity to EGFR. This increased number of normal and abnormal EGFRs may be responsible for the progressive increase in the cell membranous staining intensity with severe dysplastic lesions and OSCC, in contrast to the staining in normal controls. [10] Furthermore, the increased intensity in cytoplasmic staining might indicate the increased endocytic trafficking of EGFR, i.e., increased internalization of the receptor, and subsequently, the fate of activated EGFR for lysosomal degradation (attenuation of signaling) or recycling to the plasma membrane (prolonged signaling) and also transportation to both nucleus and mitochondria. Nuclear EGFR is reported to interact with transcription regulators and modulator of DNA repair. Mitochondrial EGFR is reported to phosphorylate the cytc C involved in the regulation of apoptosis. [11] Therefore, increased cell membranous-staining intensity which indicates dysregulation of EGFRs might aid in the early detection of dysplastic changes.
EGFR also plays a role in cell migration by a phospholipase C-gamma (PLC-γ)-dependent pathway. EGFR induced activation of PLC-Gamma stimulates cell motility by releasing gelsolin and other actin modifying proteins from the membrane. Thereby restoring its ability to bind, sever and cap polymerize actin filaments for the formation of filopodia extension which help in cell migration. [3] Hence, overexpression of EGFR in the basal, parabasal, and deep spinous layers might indicate the increased potential of cell migration in potentially malignant lesions with severe dysplasia, and therefore, it has a role as a marker for rate of malignant transformation.
In our study, the following additional features were found 1 . Three cases of histopathologically diagnosed potentially malignant lesions with mild-moderate dysplasia showed a high expression of EGFR. It may suggest that these lesions have inherent potential of early progression of dysplasia/transformation rate. However, it may also be either due to biopsy from improper area or interobserver bias 2. All cases of OSCC showed a high expression of EGFR in all the layers of the epithelium, while one case of invasive carcinoma showed low expression of EGFR in the superficial spinous layer 3. Strong intensity of EGFR was seen in the periphery of the epithelial dysplastic islands in OSCC 4. Both cell membranous and cytoplasmic staining was seen in OSCC, while only cell membranous staining was seen in potentially malignant lesions with severe dysplasia.
conclusIons Therefore, our study supports the earlier reports in which the EGFR expression showed a progressive increase from normal oral epithelium to grades of dysplasia and a high expression in OSCCs. Thus, overexpression of EGFR can be considered as a hallmark of OSCC, and EFGR can be used as an early diagnostic marker to assess the malignant transformation in potentially malignant lesions.
